Objective-We tested the efficacy of a cognitive-behavioral intervention in reducing environmental tobacco smoke exposure (ETSE) and improving pregnancy outcomes among African-American women.
Introduction and Background
Disparities in reproductive outcomes represent a significant public health challenge. Characteristics including biological, behavioral, psychosocial and ecological may contribute to racial/ethnic disparities. [1] [2] [3] [4] [5] [6] Studies have shown the impact of such factors on adverse pregnancy outcomes, including fetal loss, intrauterine growth restriction, preterm birth, birth defects and infant mortality in African-American women. 7, 8 Environmental toxicants, such as pesticides and environmental tobacco smoke exposure (ETSE) are hazards that burden socioeconomically challenged communities disproportionately. 9 The long term effects of environmental toxicant exposure in utero are exacerbated by circumstances of financial deprivation by those who live in disadvantaged neighborhoods. 10 The current literature has emphasized the significance of such hazards but very few studies have attempted to test the efficacy of interventions that aim to reduce their impact on pregnancy outcomes. 11, 12 The prevalence of active smoking among African-American pregnant women is lower than among pregnant Caucasian women (10.6% versus 18.1%). 13 ETSE during pregnancy, however, may be more frequent as a result of high rates of smoking among AfricanAmerican men (26.1%) and non-pregnant African-American women (18.5%). These rates are higher than or equivalent to those reported for Caucasian individuals (23.5% for men and 18.8% for women). 14 African-American women may be more likely to live in overcrowded households and unable to exert effective control over their living and work environments. 15, 16 Regulations have significantly decreased workplace exposure, but such restrictions do not exist inside the home. The need for evidence-based individualized strategies to help decrease risks of home ETSE during pregnancy is urgent.
In this study, we explored rates of ETSE during pregnancy as self-reported and biologically confirmed in a high risk population of African-Americans in Washington, DC. We tested the efficacy of a cognitive-behavioral intervention, delivered in this randomized controlled trial (RCT), comparing women who were randomly assigned to the intervention group with those received usual care in their ability to avoid ETSE during pregnancy. Comparisons are also made with regard to reproductive outcomes.
Methods
The National Institutes of Health-DC Initiative to Reduce Infant Mortality in Minority Populations is a congressionally mandated research project. As part of this project, we recruited women to a multicenter RCT at six clinic sites in Washington, DC between July 2001 and October 2003, to evaluate the efficacy of an integrated behavioral intervention delivered during prenatal care (PNC) in reducing risk during pregnancy and improving pregnancy outcomes. Women were followed until July 2004. Details of the design of the study and the findings with respect to the primary objectives are presented elsewhere. 12, [17] [18] [19] This study was reviewed and approved by the institutional review boards of the participating institutions.
Study Population
As described elsewhere, 17 women were eligible for the study when they self-identified as being an ethnic minority, were ≥18 years, ≤28 weeks pregnant, were a DC resident, spoke English and reported at least one of the following risk factors: cigarette smoking, ETSE, depression or intimate partner violence (IPV). A total of 1,070 women were eligible, interviewed and consented for random assignment into the intervention group or the usualcare group. Block randomization was site-and risk-specific. Risks considered in randomization were smoking, depression, and IPV. The field staff were blinded with respect to the block size. Eight women (6 intervention and 2 usual care) were identified as suicidal during intervention or data collection and were referred immediately to mental health care and excluded from additional participation. Of those who remained, 1,044 were AfricanAmerican and still pregnant at the time of the baseline interview.
The analyses reported in this article will be confined to 691 pregnant African-American women who self-reported ETSE during the initial screening and did not self report actively smoking during pregnancy (intervention group =335, usual care group =356) (Figure 1 ). ETSE risk was identified when a mother reported exposure to cigarette smoking in her home, same room or a car with a smoker during a typical week. A more refined subset of 520 women with ETSE and salivary cotinine levels (SCLs) <20 ng/ml at baseline was analyzed separately (intervention group =247, usual care group =273). An SCL of 20 ng/ml was chosen because this level was associated with zero median daily cigarettes smoked. 20 Cutoff levels have been used to differentiate smokers from non-smokers with ranges between 10 and 20 ng/ml. 15, [21] [22] [23] A detailed description of instruments used to assess other risks is available. 18 Changes in ETSE and other psycho-behavioral risks were assessed during telephone interviews conducted in the 2 nd and 3 rd trimesters (22-26 and 34-38 weeks of gestation, respectively). Interviewers were blinded to the group assignment of participants. Medical risks during pregnancy and pregnancy outcome data on mothers and infants were abstracted from clinic and hospital medical records.
Integrated Behavioral Intervention and Measures
The intervention arm of this RCT was designed to be delivered during PNC and was based on the behavioral change literature, specific to the designated psycho-behavioral risks. 18 The ETSE intervention focused on introducing strategies within the home to eliminate or minimize exposure of the expectant mother to ETS. Such strategies stressed, through role play and skills practice, the importance of building negotiation skills with partners and other household members who smoked. Mothers were informed about the potential risks of ETS to the mother herself and her unborn fetus, as well as risks to the newborn. Household smoking bans along with designated safe smoking areas outside the home were encouraged during pregnancy and postpartum. The intervention was delivered by a team of pregnancy advisors who were masters' trained psychologists or social workers. The pregnancy advisors were trained on assessing the stage of change of the individual mother and tailoring the intervention to her stage of change.
Mothers who were identified by the Hopkins Scale as being depressed received a cognitive behavioral therapy intervention that addressed negative cognition and relationships that contribute to depressive symptoms. Strategies for mood management and increased positive social interaction were the primary focus. Mothers who identified as experiencing IPV by use of the Conflict Tactics Scale also received a brochure-based intervention that focused on options for developing a personal safety plan and lists of community resources that were provided to all intervention women. The brochure also provided information about the types of abuse (e.g., emotional, sexual and physical) and the cycle of violence (e.g., escalation, IPV, honeymoon period). The intervention focused on danger assessment to identify risks for harm and preventive options women may consider.
Outcome measures included self-reported ETSE before delivery and infant's birth weight and gestational age. Self-reported ETSE was defined as whether a woman was exposed (yes/ no) during the interview before delivery. Infant's birth weight and gestational age were abstracted from the medical records. Low birth weight (LBW) was defined as infants weighting <2,500 grams, while very low birth weight (VLBW) was defined as infants <1,500 grams. Gestational age was prioritized in the following order: ultrasound, exam and menstrual history. Preterm birth (PTB) was defined as gestational age at delivery <37 weeks, while very preterm birth (VPTB) was defined as gestational age at delivery <34 weeks.
Cotinine level, the major proximate metabolite of nicotine, was used as a biomarker of tobacco exposure, 24 and was determined using saliva samples. Cotinine level was then determined using gas chromatography-mass spectrometry with lower detection limits of 10 ng/ml.
Statistical Analysis
To preserve randomization, participant data were analyzed using an intent-to-treat approach. Bivariate analyses were conducted to compare the baseline characteristics and pregnancy outcomes in the intervention group versus the usual-care group and to compare groups by self-reported ETSE before delivery and by infant birth weight (LBW/no LBW, VLBW/no VLBW) and preterm status (PTB/no PTB, VPTB/no VPTB). Logistic regression was used to model LBW, VLBW, PTB, VPTB and ETSE before delivery, controlling for relevant covariates, including care group and other psycho-behavioral risks. Initial models to predict birth outcomes (as previously defined) and ETSE before delivery included predictors with a significance level of <0.20 in the bivariate analyses. Reduced models were then developed retaining care group and covariates with significance <0.05. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were produced. Models were constructed for mothers selfreporting ETSE at the initial screening and did not report active smoking at baseline. Additional analyses were conducted for a subset of the mothers who had ETSE and whose cotinine level at baseline was <20 ng/ml.
Results
Of the 691 mothers who self-reported ETSE and denied actively smoking, approximately one quarter (27.3%) had SCLs of ≥20 ng/ml at baseline. When all mothers with an SCL of ≥20 ng/ml were excluded, a more refined subgroup of 520 mothers with ETSE were identified. The baseline characteristics of the 691 women who were randomly assigned to the intervention group and the usual care group are shown in Table 1 . There seemed to be no differences between the two groups in sociodemographic, psychosocial or behavioral characteristics. Results of intervention group and usual care group comparisons of the baseline characteristics for women with ETSE and an SCL of <20 ng/ml also showed no differences between the two groups (data not shown.)
Analyses for mothers who self-reported ETSE and no active smoking (n=691)
At the follow-up interview before delivery, rates for ETSE in the intervention group were significantly lower than in the usual care group. The rate of IPV was also significantly lower in the intervention group. No similar effect was seen on rates of depression (Table 2) .
Logistic regression models for the 691 predicting ETSE before delivery controlled for the covariates with a significance level <0.20 in the bivariate analysis. These covariates were: care group, maternal age, marital status, Medicaid and depression. Reduced logistic models were constructed retaining care group and those covariates with significance <0.05 (Table  3) . Women who were randomly assigned to the intervention were less likely to self-report ETSE before delivery controlling for other covariates (OR=0.50, 95%CI=0.35-0.71). In addition, being a Medicaid recipient increased significantly the likelihood of ETSE before delivery. In this group of 691 mothers, as age got older, the risk for ETSE before delivery decreased significantly.
In Table 4 , reproductive outcomes were compared by care group. Infant outcome results were available on 82% of live births for birth weight and 85% for gestational age. The intervention group had a significantly lower incidence of VLBW and VPTB.
To construct the reduced logistic models, we conducted bivariate analyses comparing mothers who delivered VLBW infants with those who delivered infants who weighed ≥1,500 grams. Variables in this bivariate comparison included care group, previous preterm delivery, depression and IPV. Significant differences for mothers who delivered VLBW infants were randomization to the intervention group (10.0% vs. 48.8%, p=0.02), previous preterm delivery (40.0% vs. 10.9%, p<0.01) and IPV at baseline (60.0% vs. 29.4%, p=0.04). In the case of VPTB, variables with significant differences included randomization to the intervention group (19.1% vs. 49.5%, p<0.01), previous preterm delivery (28.6% vs. 11.1%, p=0.01) and IPV at baseline (52.4% vs. 29.3%, p=0.02). For these significant variables, when included in reduced logistic models, randomization to the intervention group significantly reduced the chances of VLBW and VPTB (Table 5 ). Previous preterm delivery was significantly associated with increased chances of VLBW and VPTB. IPV at baseline significantly increased the chances of VLBW and VPTB.
Analyses for mothers who self-reported ETSE and no active smoking with SCL < 20 ng/ml (n=520)
For this group of mothers, the follow-up interview before delivery also showed rates for ETSE to be significantly lower in the intervention group as compared with the usual-care group. Depression and IPV were not significant ( Table 2) .
Logistic regression models for the 520 mothers predicting ETSE before delivery controlled for the covariates with significance level <0.20 in the bivariate analysis. These covariates were care group, maternal age, marital status, educational level, Medicaid and illicit drug use during pregnancy. Reduced logistic models were constructed retaining care group and covariates with significance <0.05 (Table 3 ). Randomization to the intervention group significantly reduced ETSE before delivery (OR=0.57, 95%CI=0.38-0.84). In addition, being a Medicaid recipient increased significantly the likelihood of ETSE before delivery.
Reproductive outcomes were compared by care group. Infant outcome results on live births are available on 86% for birth weight and 88% for gestational age. Results for the group of 520 showed only VPTB to be significantly different between the two groups (Table 4) .
To construct the reduced logistical models, we conducted bivariate analyses comparing mothers who delivered VLBW infants with those who delivered infants who weighed ≥1,500 grams. Variables in this bivariate comparison included care group, previous preterm delivery, depression and IPV. Significant differences for mothers who delivered VLBW infants were randomization to the intervention group (10.0% vs. 48.8%, p=0.02), previous preterm delivery (40.0% vs. 10.9%, p<0.01) and IPV at baseline (60.0% vs. 29.4%, p=0.04). In the case of VPTB, variables with significant differences included randomization to the intervention group (19.1% vs. 49.5%, p<0.01), previous preterm delivery (28.6% vs. 11.1%, p=0.01) and IPV at baseline (52.4% vs. 29.3%, p=0.02).
For this subgroup of mothers, the only significant differences for mothers who delivered VPTB compared to those who delivered infants born at ≤34 weeks' gestation were randomization to the intervention group (OR=0.07, 95%CI=0.01-0.57) and IPV at baseline (OR=2.97, 95%CI=1.00-8.79) ( Table 5 ).
Discussion
The built environment and toxicant exposure within it have been shown to represent a disproportionately high health risk to populations who live in poverty. 9 Our study shows ETSE to be a commonly encountered problem by pregnant African-American women who may themselves smoke during pregnancy or non-smokers who live or work with smokers. Of the pregnant African-American women eligible to participate in our study, three times as many acknowledged ETSE as compared with women who reported smoking. The lower rates of smoking in pregnancy in African-American women should not be misinterpreted as an overall low risk of exposure to tobacco smoke.
Our intervention was successful in significantly reducing reported ETSE during pregnancy. The only other factor associated with reduced exposure was maternal age. Medicaid (a marker for poverty) was associated with increased exposure. The only other intervention study that attempted to reduce ETSE in pregnancy and of which we are aware was unsuccessful in reaching its goal. 11 The author's results agreed with our own in that older mothers seemed to have lower ETSE, although the differences in that study did not reach significance.
ETSE during pregnancy is proved to be strongly associated with poor reproductive outcomes, including elevated rates of LBW. ETSE lowers the infants' adjusted mean birth weight by 33 to 36 grams, with a significant dose response relationship. 25, 26 Factors such as advancing maternal age have been shown to increase the risk for LBW among smokers. 27 It is unclear what role such modifying factors may play in mothers exposed to ETS. Our results do not show an association of VLBW and VPTB with advancing maternal age, but other risks such as IPV were associated with increased rates of VLBW and/or VPTB. The history of a previous preterm delivery remains consistently the strongest predictor of VLBW and VPTB among non-smoking mothers with ETSE.
There seems to be disagreement in the literature regarding the effect of ETSE on gestational age. Two recent publications showed no association between ETSE and prematurity 25, 26 ; one of them, 25 a large meta-analysis, concluded that there was no effect of ETSE on gestational age. Another study did not show a significant association between ETSE and PTB but found association with the rates of VPTB (adjusted OR=2.4, 95%CI=1.0-5.3). 27 Our study shows similar results. Our cognitive-behavioral integrated intervention that addressed various risk factors including IPV reduced the rates for VPTB after adjusting for confounders in both groups that were included in these analyses. The intervention showed a significant reduction in VPTB.
The effect of the intervention on the reduction of the higher spectrum of morbidity (VPTB and VLBW) is in itself intriguing. Mothers with the higher level of reproductive morbidity seemed to exhibit the highest rates of psycho-social and behavioral risk. Such mothers may have benefited significantly from the integrated approach that addressed multiple cooccurring risks simultaneously. Our results did not confirm significant changes in the intervention group except in the case of IPV reduction for mothers who reported ETS exposure and no smoking during pregnancy. Nonetheless reduction in degree of depression or IPV may not be detectable in our comparisons. Furthermore, a catalystic effect as a result of modest levels of reduction in multiple co-occurring risks may not be captured in a significant reduction in each risk alone. This is a topic that deserves additional study in larger population samples.
The main strengths of our study include the prospective, controlled trial and pregnancy outcomes as the end-points. The limitations of the study include its restriction to high risk African-American women and the lack of its generalizability to a broader population. The sample size of this study was calculated using a presumed reduction of the designated risks in the intervention group. The extent of the effect of the intervention on pregnancy outcomes was not part of our assumptions in sample size calculations. This limitation in sample size may have prevented differences across groups from reaching statistical significance, especially for more rare outcomes. Lower rates of miscarriage and longer hospital stays as well as higher rates of non-live births and low birth weight were noted in some subgroup analyses but may have not reached significance due to inadequacy of sample size. The nondisclosure of active smoking in 27% of mothers who self-reported only as ETS exposed is in agreement with other investigators who reported reluctance of pregnant women to share information about smoking during pregnancy. 28 In addition, the significant results for both all mothers with ETSE and those with an SCL of <20 ng/ml are consistent. The chemical confirmation by SCL measurement is reassuring that our findings are valid even for mothers with relatively low levels of salivary cotinine. Additional studies with even lower cut-off points are needed.
Our intervention required a specialized staff of master's level trained social work and mental health professionals who may not be readily available at most PNC sites. Adding comparably trained professionals to a PNC team may present some financial challenges.
Finally the intervention did not encourage participation of other household members who could have assisted the pregnant mother in negotiating and implementing a household smoking ban. Existing evidence shows the added efficacy of household support in environmental tobacco smoke avoidance. 15 
Conclusions
Our study is the first, to our knowledge, to show that a cognitive-behavioral intervention that is delivered during PNC can assist African-American mothers in reducing their risk of ETSE and improving their pregnancy outcomes. A simple screening method that is used in the clinic identified a population at risk. It was evident that the intervention was associated with reduced ETSE and a varying degree of improved pregnancy outcomes. The most consistent association with ETSE reduction was a significant improvement in the rates of VPTB. This is most relevant in the potential impact on the reduction of infant mortality rates because the smallest and most premature infants are those that are at the highest risk of death and significant morbidity. 13, 29 
